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Art Unit: 1631 

DETAILED ACTION 

Applicants' Election/Amendment of Group I (claims 1-46 and 93-98) without 
traverse, as well as the election of species "a cross-over between any one of the one or 
more parental character strings or one or more character string subsequences or an 
additional character string" in claim 6, in Paper No. 11, filed 01/12/01, is acknowledged 
and entered. Accordingly, claims 47-92 have been withdrawn from examination. 

Specification 

The specification is objected to because of the following: 

The abstract has multiple titles, which makes the abstract be composed of more 
than one paragraphs. See MPEP section 608.01(b). 

The disclosure is objected to also because it contains an embedded hyperlink 
and/or other form or browser-executable code. Such code is present in the specification 
at page 9 and elsewhere. Applicants are required to delete the embedded hyperlink 
and/or other form of browser-executable code. See MPEP ' 608.01 . 
■ Appropriate correction is required 

Claim Rejections-35 USC §112 

The following is a quotation of the second paragraph of 35 U S C. 112: 

The specification shall conclude with one or more claims particularly pointing out and 
distinctly claiming the subject matter which the applicant regards as his invention 
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Claims 8-11, 17. 19, 36, and 93-98 are rejected under 35 U S C 112 . second 
paragraph, as being vague, indefinite and confusing for failing to particularly point out 
and distinctly claim the subject matter which applicant regards as the invention. 

The phrase "the two or more parental nucleic acids in claims 8-1 1 lacks clear 
antecedent basis. It is not clear what is meant by "the two or more parental nucleic 
acids": the "at least two of the plurality of parental character strings" in claim 1 , or the "at 
least two members of the set of oligonucleotides" in claim 1 , which are the two or more 
parental nucleic acids" mentioned in claim 1. 

The phrase "the double stranded nucleic acids" in claims 17 and 19 lacks clear 
antecedent basis. It is not clear what is meant by the "the double stranded nucleic 
acids" in claim 15: the oligonucleotides, the parental strings or all the nucleic acids. 

The phrase "one or more or proteins" in claim 36 is confusing. Do applicants 
actually mean "one or more of proteins"? The phrase 'an interleukins" in line 4 of claim 
36 is also confusing. It is unclear whether applicants mean singular an interleukin" or 
plural "interleukins". Also, there are many abbreviations in this claim, such as EPO and 
SCF. Please spell out the exact names of these proteins and put the abbreviated form 
in parenthesis. 

Claims 93-98 are rejected because the metes and bounds of the claims are not 
clear. The preamble of claim 93 and all its dependent claims is "a method of producing 
recombinant nucleic acids", but the steps actually produce "a recombinant nucleic acid". 
Do applicants claim a method of producing ' nucleic acids" or "a nucleic acid"? 

Claim Rejections-35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 
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(a) A patent may not be obtained though the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to 
be patented and the prior art are such that the subject matter as a whole would have been 
obvious at the time the invention was made to a person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

Claims 1-4, 6-9, 12-29, 31-38, and 40-46 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Zhao et al. (IDS document: Nature Biotechnology, Vol. 16:258- 
261, March, 1998). 

Zhao et al. disclose a procedure for molecular evolution by staggered extension, 
an in vitro recombination process comprising providing a plurality of parental character 
strings corresponding to a plurality of nucleic acids, RC 1 and RC 2, which character 
strings, when aligned for maximum identity, comprises at least one region of heterology 
as listed in Table 1 (see page 258 and 259). Although Zhao et al. do not explicitly 
disclose the alignment of the sequences, it is obvious to artisans in the field that they 
must have done an alignment of the parental sequences in order to find the differences 
(heterology) listed in Table 1. A set of character string subsequences including 
differences as listed in Table 1 are defined (see page 258). A set of oligonucleotides 
corresponding to the set of character string subsequences are provided and annealed 
followed by elongation of one or more members of the set of oligonucleotides with a 
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polymerase (see page 258 under "Results and discussion '). Since Zhao et al. use the 
procedure to create random recombinants between the two parental genes, the regions 
of the character strings include the regions of heterology and homology between the 
genes, as required in the instant claim 2. In other words, the entire sequences of the 
genes are interpreted as the character strings as required in the instant claims. Since 
the two parental genes are two genes 'encoding thermostable B. subtilis subtilisin E 
variants, each of which carries a single thermostable mutation along with several other 
neutral mutations" (see page 258, right column), it is obvious one of the two is an 
evolutionary intermediate, as required in the instant claim 3. Given the broad meaning 
of the word "design", the parental nucleic acids and the character strings are designed 
as required in the instant claim 4. Figure 1 of Zhao et al. demonstrates the principle and 
procedure of the methodology which includes multiple cycles of denaturation. annealing 
and extension. Obviously, crossovers between the parental character strings are 
applied in the process, as required in the limitation of the instant claim 6. 

Zhao et al. also disclose selection of multiple recombinants containing diplomat 
sequences, which diplomat sequences comprise intermediate level of sequence 
similarity between the two parental genes including the plurality of character strings (see 
page 261 and Figures 4 and 5 on page 260). as required in the instant claim 7 Zhao et 
al. select the mutations between the two variants as listed in Table 1 as desired 
crossover sites and disclose "priming the template sequences followed by repeated 
cycles of denaturation and extremely abbreviated anneaiing/polymerase-catalyzed 
extension" (see pans 258 Ipft c^lumn'i nhvi™ ■<?!»/ Hnrinn th P n^A PQ ^ ~~~~ 
oligonucleotides bridging these crossover sites are used in certain cycles of the 
procedure as evidenced by the sequences of the recombinant clones as shown in 
Figures 4 and 5 on page 260. Given the inherent broad meaning of the word "low", the 
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similarity between the two parental character strings is low. as required in the instant 
claim 9. which strings contain the differences as listed in Table 1 in page 259. 

Given the nature of Zhao et al.'s methodology, it is obvious that at different 
cycles of the procedure as shown in Figure 1. the • oligonucleotides" in the reactions an 
different in length and sequences, and they overlap each others, as required in the 
instant claim 12, e.g. the oligonucleotides shown in steps B and C of Figure 1, wherein 
the oligonucleotides in C overlap those in B. Zhao et al. disclose 10 positions in the 
parental genes including thermostable mutations and neutral mutations and use the 
positions to define segments along the genes and expect recombination between the 
positions. It is obvious that the character strings, i.e. the positions to be expected to be 
included in the resulting recombinants, will include different parts of the sequences 
between mutation sites, and therefore, the parental strings are segmented by these 
positions, as required in the instant claim 13. Although Zhao et al. do not disclose 
explicitly how the alignments between the parental genes/character strings are 
performed in order to find the differences as listed in Table 1 , it is obvious to an ordinarv 
artisan in the field that such alignments could be done with a digital computer or web- 
based system as being available to anyone in the field, as required in the instant claim 
14. 

As stated above, given the nature of the methodology disclosed by Zhao et ai it 
is obvious that at different cycles of the procedure as shown in Figure 1 . different single 
stranded oligonucleotides are synthesized that correspond to the character strings 
subsequences including those mutations as disclosed in Table 1 and the single 
stranded oligonucleotides synthesized from one cycle are provided for the next cycle, as 
required in the instant claim 15. Also, it is obvious from Figure 1 and the "Experimental 
protocol" in page 261 . that during the reactions at every cycle, the oligonucleotides 
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synthesized in a previous step are pooled, hybridized and extended, wherein some of 
the extended double stranded nucleic acids comprise sequences from at least two of 
the parental character strings including the mutations as listed in Table 1. as required in 
the instant claim 16. It is also obvious from Figure 1 and the ■Experimental protocol'' in 
page 261 that during the cycles including denaturation, annealing and extension, all the 
double stranded nucleic acids are denatured, a heterogeneous mixture of single- 
stranded nucleic acids are produced (as required in the instant claim 17), which 
heterogeneous mixture of single-stranded nucleic acids are re-hybridized and extended 
by the polymerase in the reaction mixture (as required in the instant claim 18). Such 
steps of denaturation, annealing and extension are repeated at least twice and can go 
up to around 80 (see page 261, left column), as required in the instant claim 19. 

Zhao et al. disclose that the multiple recombinants resulted from the staggered 
extension process are selected since they confer higher activity (see Figure 3 in page 
259), as required in the instant claim 20. Zhao et al. also disclose that six new point 
mutations were found in the 10 recombinants sequenced (see page 259, right column 
and Figure 5 in page 260), indicating that during the process, some oligonucleotides 
synthesized in the process comprise one or more replacement or alteration of the 
parental genes/character strings, as required in the instant claims 21 and 23. The 
procedure of selecting recombinants as disclosed by Zhao et a! includes extraction of 
DNA fragments of the size of the selected size (around 1 kb), which is interpreted as 
being that single stranded recombinants hybridize to other single stranded 
recombinants or parental nucleic acid that have a selected length to produce a pre- 
determined 1 kb of double stranded DNA (see page 261, left column), as required in the 
instant claim 24. 
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As stated above, given its broad meaning, it is interpreted that the two parental 
sequences, RC 1 and RC 2, as well as any strings that include the 10 mutations and/or 
the intervening sequences as disclosed by Zhao et al. are considered as parental 
character strings. Also, all nucleic acids including those provided in cycle 1 and those 
synthesized in the reactions in the subsequent cycles that are less than the full-length 
parental genes are interpreted as oligonucleotides. As such, it is obvious from Figure 1 
and the "Experimental protocol" in page 261 that the at least two parental character 
strings are provided, that the oligonucleotides provided and synthesized comprise at 
least one of oligonucleotide member comprising a chimeric nucleic acid sequence that 
comprises a subsequence from each of at least two parental character strings, wherein 
the subsequences from each parental character string are separated by a crossover 
point (as required in the instant claim 25), as evidenced by the sequences of the 
resulting recombinants listed in Figures 4 and 5 in page 260, wherein crossovers 
between the 10 mutations of the two parental genes are selected and such selection is 
random (as required in the instant claim 27) as shown in Figure 3 and the statement 
that "this distribution was similar to that expected for random recombination of the two 
phenotypic markers separated by 1 13 bp 11 (see page 259, right column). Yet, such 
crossovers are non-random (as required in the instant claims 28 and 29) in the sense 
that some very close markers/points are never recombined (see the second paragraph 
of the right column in page 259). It is also obvious that the crossover points including 
the 10 mutations as listed in Table 1 are selected by aligning the two parental character 
strings (as required in the instant claim 26) as stated above. 

As mentioned above, all nucleic acids in the reactions disclosed by Zhao et al. 
including those provided in cycle 1 and those synthesized in the reactions in the 
subsequent cycles that are less than the full-length parental genes are interpreted as 
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being oligonucleotides given the broad meaning of the word "oligonucleotide", it is 
obvious that at a particular cycle of the reaction, the concentration of some of the 
oligonucleotides are higher than that of others, which oligonucleotides with higher 
concentrations are "added"' to the next cycle, as required in the instant claim 31 . and 
during the process of cycling, all the oligonucleotides are incubated with the 
recombinant nucleic acids and a polymerase (as required in the instant claim 32) in 
order for the cycling to continue. Therefore, in each cycle, the recombinant nucleic acid 
made from the last cycle is denatured and contacted with at least one additional nucleic 
acid from the oligonucleotides from the previous cycle (as required in the instant claim 
33) and the cycle continues with annealing and extension. 

Zhao et al. also disclose a brief description of a procedure referred to as DNA 
shuffling comprising, in addition to those as stated above, that "a set of parent genes is 
digested with DNase I to create a pool of short DNA fragments that are reassembled 
into full-length genes by repeated thermocycling in the presence of DNA polymerase' 
(see page 258, left column). It would have been obvious to one having ordinary skill in 
the art at the time the claimed invention was made to combine the procedure of DNA 
shuffling and the staggered extension procedure as detailed above in that at certain 
cycle of the staggered extension procedure, at least one parental nucleic acid is cleaved 
by DNase I and the digested nucleic acid is contacted with the denatured recombinant 
nucleic acid (as required in the instant claims 34 and 35) synthesized in the previous 
cycle. 

Both parental nucieic acids used in the procedures disclosed by Zhao et al 
encode a bacterial gene product and the two initial oligonucleotides used in cycle 1 of 
the staggered extension procedure are 21 and 22 bp in length (see page 261). as 
required in the instant claims 36 and 37. As stated above, Zhao et al. select and provide 
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several recombinant nucleic acids for their improved activity (as required in the instant 
claims 38) after sequencing and cloning (as required in the instant claims 42 and 43) 
and the improved activity is selected by an tn vivo assay since the recombinant nucleic 
acids are transferred into bacterial cells (as required in the instant claim 40). The plate 
assay can also be interpreted as an in vitro assay since the bacterial cells are 
positioned in an in vitro environment on a plate, as required in the instant claim 41 (see 
pages 258 and 261). Such recombinant nucleic acids are synthesized by staggered 
extension and the process is interpreted as being assembly PCR since it involves 
assembly and PCR, as required in the instant claim 44. In addition to staggered 
extension, Zhao et al. also disclose and compare other in vitro recombination methods 
including assembly PCR and error-prone assembly PCR and recombinant nucleic acids 
are selected and provided (see page 260, right column), as required in the instant claim 
45. As stated repeatedly above, the parental strings disclosed by Zhao et al. include the 
10 mutations, and it is obvious that these 10 mutations as listed in Table 1 are selected 
by aligning the two parental genes in a computer, as required in the instant claim 46. 

Claims 1-29, 31-38, 40-46 and 93-98 are rejected under 35 U S C. 103(a) as 
being unpatentable over Zhao et ai. (IDS document: Nature Biotechnology. Vol. 16 258- 
261, March, 1998) in view of Venkatasubramanian et ai (J. Chem. Inf. Comput. Sci. 
1995, 33. 188-195), and in further view of Street et al. (IDS document: Structure. May 
1999, 7:R105-R109) . 

As shown above, Zhao et ai disclose a method for producing recombinant 
nucleic acids comprising providing sequences of two parental nucleic acids/character 
strings, selecting crossover sites for recombination, synthesizing the nucleic acids and 
selecting a sequence for improved activity. Zhao et al do not disclose doing all these in 
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silico. but they do motivate and suggest computer simulation of recombination (see 
page 258, left column, first paragraph). 

Venkatasubramanian et al. disclose a method for evolutionary design of 
molecules with designed properties using genetic algorithm. They disclose a number 
parameters including genetic operators comprising one-point crossover and two-point 
crossover (see page 190). The case studies disclosed are polymers to which nucleic 
acids belong. Street et al. disclose a method of computational protein design comprising 
energy minimization (see page R105). Thus, it would have been obvious to one having 
ordinary skill in the art at the time the claimed invention was made to use the teachings 
and/or motivations of Zhao et al., Venkatasubramanian et al. and Street et al. to 
simulate and produce recombinant nucleic acids in silico. The recombinants generated 
in silico can be selected in silico and synthesized in a laboratory using readily available 
protocols in the field. 

Claim Objections 

Claims 30 and 39 are objected to as being dependent upon a rejected base 
claim, but would be allowable if rewritten in independent form including all of the 
limitations of the base claim and any intervening claims. 

Conclusion 

No claim is allowed. 
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Enclosed please find inter alia a copy of the PTO-1449 forms with multiple 
references lined through because the references do not have a publication date. 
Although these references will not be listed on PTO-1449, they have been considered 
by the Examiner. 



Papers related to this application may be submitted to Technical Center 1600 by 
facsimile transmission. Papers should be faxed to Technical Center 1600 via the PTO 
Fax Center located in Crystal Mall 1. The faxing of such papers must conform with the 
notices published in the Official Gazette, 1096 OG 30 (November 15, 1988). 1156 OG 
61 (November 16, 1993), and 1157 OG 94 (December 28, 1993)(See 37 CFR § 1.6(d)) 
The CM1 Fax Center number is either (703) 308-4242 or (703)305-3014. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to: 

Shubo "Joe" Zhou, Ph.D., whose telephone number is (703) 605-1158. The examiner 
can normally be reached on Monday-Friday from 8 A.M. to 4 P.M. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Michael Woodward, Ph.D., can be reached on (703) 308-4028. 

Any inquiry of a general nature or relating to the status of this application should 
be directed to Patent Analyst Tina Plunkett whose telephone number is 703)-305-3524, 
or to the Technical Center receptionist whose telephone number is (703) 308-0196. 
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